Frequencies of alleles at the DRB3.2 locus of the bovine major histocompatibility complex for two genetic lines of Holsteins were compared, and allelic effects on yield and udder health traits were examined. The DRB3.2 genotypes of 186 cows and heifers were determined using DNA that had been extracted from blood samples. The cattle were from a designed selection experiment for milk yield. After edits, 173 cows and heifers with known alleles remained (54 from a control line and 119 from a selection line for milk yield). A total of 19 alternative DRB3.2 alleles appeared across the two lines, and frequencies ranged from 0.3 to 21.4%. Allelic frequencies differed significantly between the selection and control lines. Alleles 3, 8, 9, 10, 26, and 28 were more frequent in the control line, but alleles 16, 24, and 27 were more frequent in the selection line. An animal model was used to estimate gene substitution effects of alternative alleles on milk yield, fat yield, and protein yield, SCS, chronically elevated SCS, acutely elevated SCS, and mastitis incidence. First, second, and third lactations were analyzed separately. Allele 7 was associated with a significant increase in protein yield during first and second lactations and a significant increase in chronically elevated SCS and acutely elevated SCS during second lactation. Because of conflicting results with other studies and a limited numbers of cows, additional research is needed before specific alleles are confirmed to be associated with measures of yield and udder health. ( Key words: bovine lymphocyte antigen, milk yield, somatic cells, genetics)
INTRODUCTION
Selection on yield traits of dairy cattle has occurred for many years because of economic importance, availability of data, and moderate heritabilities. However, higher yielding cows also tend to have higher health costs (11) ; therefore, interest in selection for resistance to health problems is mounting. Unfortunately, health traits usually have low heritabilities and limited amounts of data, which hamper the potential for genetic improvement by traditional selection methods. A possible solution is to identify quantitative trait loci that control health traits to facilitate selection for improved health and fitness of dairy cows.
The major histocompatibility complex of mammalian genomes has been shown to regulate the immune response of many species (1, 13) . For dairy cattle, the major histocompatibility complex is referred to as the bovine lymphocyte antigen ( BoLA) complex and is located on the short arm of bovine chromosome 23. Class I molecules of BoLA act as restriction elements for CD 8 + cytotoxic T lymphocytes. Class II molecules of BoLA serve an important role in antigen presentation to CD 4 + helper T cells and in the development of the number and type of T cells found in the immune system (1, 15) .
Alleles for the class I loci have been analyzed in several studies. Hines et al. ( 1 0 ) found a significant association of fat percentage of milk with BoLA class I alleles in a study of 246 AI bulls in the US and reported that the mean fat percentage associated with allele A10 was 0.15% greater than the mean for four other alleles; however, no significant differences were detected for milk and fat yields.
In a study of 179 Holstein cows and 271 AI bulls in Canada, Batra et al. ( 1 ) found relationships between class I alleles and protein yield. Substitution of A19 for A10 was associated with a significant increase in protein yield from separate analyses of lactational records of cows and PTA of bulls. In a study of 98 cows, Weigel et al. ( 2 2 ) found significant associations of class I alleles and reported that allele A14 was associated with decreased scores for mastitis indicators, decreased health costs, increased milk and fat yields, and increased fat percentage. Allele A11 was associated with decreased clinical mastitis and udder health costs and with decreased fat yield and fat percentage; furthermore, allele A31 was associated with decreased fat percentage (22) . These studies suggest that BoLA loci may indeed influence yield and measures of mastitis.
In the class II region of BoLA, at least 12 loci have been described. The class IIa region includes DRA, DRB1, DRB2, DRB3, DQA, DQA2, DQB1, and DQB2; class IIb includes DYA, DYB, DIB, and DOB. Lewin ( 1 4 ) has identified 35 DRB3 alleles in exon 2.
The DRB3.2 alleles potentially affect many traits related to immunity, SCS, and mastitis incidence. Dietz et al. ( 5 ) investigated the association of DRB3.2 alleles of BoLA and 20 immunological variables using a gene substitution model. They ( 6 ) reported significant associations for 13 leukocyte functions, including IgG 2 concentration, IgM and complement levels, and mononuclear cell numbers, suggesting that DRB3.2 alleles are related to factors involved in immune function.
In a separate study of 137 periparturient Holsteins, Kelm et al. ( 1 2 ) found that allele 16 of the DRB3.2 locus increased SCS. In the same study (12) , allele 8 of the DRB3.2 locus was associated with greater clinical mastitis, and alleles 11 and 23 were associated with decreased clinical mastitis. Using 1100 Holstein cows, Dietz et al. ( 5 ) found that allele 16 of the DRB3.2 locus was significantly associated with an increased risk of acutely elevated SCC. Therefore, based on these studies, the DRB3.2 locus might be useful for selection for improved udder health.
The objectives of this study were to determine whether the allelic frequencies at the DRB3.2 locus differ for two genetic lines of Holsteins and to estimate the gene substitution effects of alternative alleles on milk, fat, and protein yields, lactational SCS, and measures of udder health.
MATERIALS AND METHODS

Experimental Design
The Holstein herd at the Southern Experiment Station of the University of Minnesota (Waseca, MN), was designed to be used as a selection experiment to study the effects of selection only for milk yield (11) . During 1964, 66 foundation females were paired by sire and randomly assigned to one of two lines. One line, which formed the control line ( CL) , was mated to a group of 20 bulls, chosen as breed average for PTA for milk yield in 1964. Four bulls were used each year in a 5-yr rotation. The top 4 bulls for PTA for milk yield from the USDA Sire Summary were selected each summer as mating sires for the selection line ( SL) ; the only restrictions were that the PTA for milk yield was required to have a reliability of at least 60%, and each bull was used during only 1 yr.
Matings in both lines were random, except that inbreeding coefficients were not allowed to exceed 6.25%. Voluntary culling for the CL was done by random draw; no selection was practiced for milk yield or any other trait. Cows in the SL were culled based on milk yield; therefore, genetic improvement in the SL was attained from both male and female selection. Because the size of the SL doubled to approximately 60 cows over the course of the experiment, only limited selection among cows was possible.
In 1986, the SL was randomly divided in half to form two groups of cows. Since November 1, 1986, one group of cows has been mated to the top 4 bulls for PTA for protein yield (with a minimum PTA for protein percentage of +0.00). The other group of cows in the SL has been mated to the top 4 bulls for PTA for milk yield as in the past. For the present study, the SL was considered to be one population because both groups within the SL were mated to top bulls for either milk or protein yields, which are traits with highly positive correlations. Beginning November 1, 1991, random sons of the original bulls for the CL out of dams within the CL were used as mating sires for cows in the CL. Once again, 4 bulls were used each year. This change was necessary because semen inventories of the original bulls had been exhausted.
The two genetic lines received equal management and care. All cows were housed in the same free-stall barn, were fed a TMR, and were milked twice daily in the same parlor. Cows were separated into four strings (regardless of genetic line): a first lactation string and three strings based on milk yield. The experimental design resulted in fairly constant yield in the CL and dramatically increased milk yield in the SL ( 2 ) .
Data
Blood samples from 186 females, representing all milking age cows and young stock from both genetic lines, were collected at the experiment station. Sampled females were born from 1983 to 1987 ( n = 6), 1988 ( n = 15), 1989 ( n = 22), 1990 ( n = 39), 1991 ( n = 35), 1992 ( n = 42), and 1993 ( n = 27). Whole blood (250 ml ) with EDTA anticoagulant was hypotonically lysed with 1 ml of sterile distilled water and centrifuged (10,000 × g for 1 min) twice. The pellet was then resuspended in 10 ml of 0.1N NaOH/2 M NaCl, heated to 95°C for 2 min, and centrifuged at 10,000 × g for 1 min. The supernatant containing the DNA was removed, diluted with 100 ml of sterile distilled water, and stored at -20°C until 0.1 to 0.5 ml of supernatant was used for polymerase chain reaction and analysis of endonuclease restriction fragment length polymorphism as described by Van Eijk et al. (21) . Primers that were specific for exon 2 of the DRB3 locus of BoLA were used. The reactions were split and separately digested with RsaI, HaeIII, and BstYI.
Alleles were verified using information of relatives within the data for this study. In a few cases, definitive identification of alleles was not possible, but alternative alleles were specified. In these cases, family information was used to determine which alleles among the alternatives should be assigned to an animal. For example, cow 9132 was identified as having either alleles 3 and 23 or alleles 2 and 24. Because her dam, cow 8917, had alleles 7 and 24, cow 9132 was assigned alleles 2 and 24. Cows and heifers with genotypes that were inconsistent with family information were eliminated from the study, and those with inconclusive genotypes but without family information were discarded. In total, 13 cows and heifers were discarded, 8 because of pedigree inconsistencies and 5 because of inconclusive genotypes; therefore, 173 animals with known alleles remained, 54 from the CL and 119 from the SL. The 13 cows and heifers discarded were 7% of the cattle, which is similar to a 5% misidentification rate based of DNA microsatellites reported for Israeli dairy cattle (17) .
Data for lactational yield and SCS were acquired from USDA (Beltsville, MD), so data must have met requirements for edits of USDA for genetic evaluation. Heifers in the study did not have lactation data. First lactation data were available for 147 cows, 45 from the CL and 102 from the SL. Yield data were standardized to a 305-d lactation, twice daily milking, and mature equivalent basis (305d-2X-ME) using USDA adjustment factors. The SCS data were preadjusted for age, lactation length, and month of calving within geographical region of the US as described by Schutz et al. (20) . Second lactation data were available for 95 cows, 29 from the CL and 66 from the SL; 52 cows had third lactation data, 18 from the CL and 34 from the SL.
All veterinary care, both preventive and treatment, was routinely recorded at the experiment station; SCS, chronically elevated SCS, acutely elevated SCS, and mastitis incidence were the measures of udder health investigated for this study. A cow was considered to have had an incidence of mastitis if treated one or more times for mastitis during the first 305 d of lactation. Chronically and acutely elevated SCS were defined as by Dietz et al. ( 5 ) . Cows were considered to have chronically elevated SCS if they had SCS of 5 or higher for 3 consecutive d of sampling or had SCS of 6 or higher for 2 consecutive d of sampling days. Acutely elevated SCS was recorded for cows that had SCS of 6 or higher for at least 1 d of sampling. Partial lactations were included in this study, so these cows did not have equal opportunity to have elevated SCS or incidences of mastitis.
Statistical Analysis
Data for yield and udder health were analyzed with a single-trait animal model that was similar to the one used by Grignola et al. ( 8 ) :
where y = vector of milk yield, fat yield, protein yield, SCS, chronically elevated SCS, acutely elevated SCS, or mastitis incidence; X, M, and Z = incidence matrices referring to genetic lines, specific alleles, and individual animals, respectively; b = solution vector for effects of genetic line; m = solution vector for allelic effects; and u = solution vector for individual animals. Additive genetic relationships ( A) included 4-generation pedigrees of all genotyped animals. Solutions for the b, m, and u vectors were calculated using PROC IML of SAS (18) .
Heritabilities were assumed to be 25% for the yield traits and 10% for SCS, based on the heritabilities used for national genetic evaluations of USDA. Heritabilities were assumed to be 8% for chronically elevated SCS, acutely elevated SCS, and mastitis incidence based on a review of literature by Schutz ( 1 9 ) that described the heritability of mastitis as being lower than that of SCS and on estimates of the heritability of clinical mastitis by Detilleux et al. ( 4 ) .
Heterozygous cows were assigned a 1 in the allele incidence matrix ( M) for each allele they carried, and homozygous cows were assigned a 2 in M for the allele that they carried. The additive effects of the alleles at the DRB3.2 locus summed to 0 for each trait. Each lactation (first, second, or third) was analyzed separately; therefore, each data file included single lactations of cows. The effect of genetic line was Data for yield and udder health were analyzed separately for cows in the SL with the model used for the combined lines, except that genetic line was removed as a variable. The SL was analyzed separately because the genetic composition of this line is similar to the current Holstein population in the US.
Cows with alleles that had frequencies <2% in the population were excluded from analyses; therefore, cows with alleles, 2, 15, 18, 20, 28, and 32 were discarded. However, the analysis of second lactation data of cows in the SL included cows with allele 20 because the frequency of allele 20 was ≥2% for that group of cows. In addition, cows with allele 7 were removed only from the analysis of third lactation, and cows with allele 10 were removed from all analyses of the SL because the allelic frequencies were below the threshold of 2%. For first lactation, 134 of 147 cows remained after this edit for allele frequency, 40 in the CL and 94 in the SL. Also, 87 of 95 cows that had second lactations, 26 CL cows and 61 SL cows, and 47 of 52 cows that had third lactations, 14 CL cows and 33 SL cows, remained after removal of cows with alleles at low frequency (<2%) in the population.
A multiple-trait analysis was not chosen for this single-herd study. Estimates of correlations are needed for multiple-trait analyses. For field data with many herds, correlations that are also estimated from analysis of many herds might be very appropriate. However, estimates for correlations might be quite inappropriate for analysis of data from a single herd.
A repeatability model could have been used, but such a model makes the assumption that multiple lactations are repeated measures of the same trait. For example, the lactation curve differs substantially for first lactation versus later lactations. Effects of different alleles might be expressed at different times in the lives of cows. We opted to keep the analysis simple.
RESULTS AND DISCUSSION
Allelic Frequency
For the SL, the 5 most frequent alleles, 8, 22, 23, 24, 27, accounted for 66.8% of all alleles. In addition, the 11 most frequent alleles for the SL, 3, 7, 8, 9, 11, 12, 16, 22, 23, 24, 27 , accounted for 92.9% of all alleles. Ten of these 11 alleles were the 10 most frequent in a study of 1100 Holsteins by Dietz et al. ( 5 ) and accounted for 86.1% of the alleles for that population of cows. Allele 9 was not among the 10 most frequent alleles for the study of Dietz et al. ( 5 ) because allele 9 had a slightly lower frequency in that population than in our SL (0.5% versus 3.4%). Furthermore, most of the allelic frequencies were similar for the two studies, except that frequencies of alleles 24 and 27 were higher in our SL. The 11 most frequent alleles in the CL, 3, 7, 8, 9, 10, 11, 22, 23, 24, 26, 28, accounted for 96.3% of all alleles. Eight of these 11 alleles were also the most frequent in the SL.
From a chi-square test, frequencies of alleles 3, 8, 9, 10, 26, and 28 were significantly higher in the CL; alleles 16, 24, and 27 were significantly higher in the SL (Table 1 ). The most notable difference was the much higher frequency of allele 24 in the SL (27.7% versus 7.4%). An explanation for the high frequency of allele 24 in the SL is the major influence of one bull, Carlin-M Ivanhoe Bell, on that line. Bell appeared 39 times as the grandsire and 39 times as the great-grandsire in the pedigrees of the 119 animals in the SL. Most of the impact of Bell was the result of the use of numerous sons and a few grandsons as sires for the SL; the remainder was from daughters of Bell. Bell had alleles 23 and 24. Apparently, most of the Bell sons used in the SL had allele 24, accounting for much of the increase in the frequency of that allele. Bell might have had more influence in the SL than in a typical herd because of the extreme selection on milk yield; Bell and his descendants are rated very high for PTA for yield traits. Bell is also a carrier of the genetic recessive allele for bovine leukocyte adhesion deficiency (16) , but the carrier status of bulls was not considered for this study. Despite many generations of intense selection exclusively for yield, a high degree of polymorphism remained in the SL. Although only 15 of the alternative alleles were found in the CL, 18 alleles were present in the SL. Also, 3 of the alleles, 12, 16, and 27, that had frequencies <1% in the CL had increased frequencies in the SL. Four alleles in the CL versus 3 alleles in the SL had frequencies >10%, and 10 alleles in the CL versus 8 alleles in the SL had frequencies >5%. Sufficient polymorphism for BoLA remains for selection in the Holstein breed.
Because the CL was maintained via the use of 20 bulls (and, more recently, their sons), the frequency of alleles in the CL was essentially fixed in 1964, which was similar to the founder effect described by Falconer ( 7 ) . Furthermore, the allelic frequency of the CL should approximate the frequency of the 1964 Holstein population because the bulls were selected from across AI organizations and represented a wide range of pedigrees. Because no system of selection for udder health has been in place until recently (PTA for SCS) for the US Holstein population, major genetic changes for udder health were not expected; however, some correlated responses in udder health to selection for yield and udder conformation traits may have been experienced. As a result, most of the change in allelic frequency in the SL has likely resulted from natural selection, including frequencydependent selection and random drift. Because of the relatively short time of selection on an evolutionary scale, the changes in allelic frequencies are most likely the result of random drift, demonstrating the potential impact that random drift might have on genes influencing an unselected trait.
Yield Traits
The effect of genetic line was significant for milk, fat, and protein yields, as expected, and variation was accurately explained with the single-trait animal model used for analysis. The estimates of line difference of 3836 kg of milk, 126 kg of fat, and 104 kg of protein were similar to the phenotypic differences in the line means for first lactation (3761 kg of milk, 129 kg of fat, and 103 kg of protein). For second lactation, the estimated differences between the genetic lines were 4662 kg of milk, 152 kg of fat, and 122 kg of protein, which again were similar to the phenotypic differences: 4647 kg of milk, 149 kg of fat, and 126 kg of protein. The estimates for third lactation differences of 4874 kg of milk, 169 kg of fat, and 132 kg of protein were also similar to phenotypic differences (5104 kg of milk, 176 kg of fat, and 140 kg of protein), but somewhat less so.
Significance of Allelic Effects
The distribution of the results of the 518 tests of significance of individual allelic effects closely approximates that expected from random sampling variation under the hypothesis that none of the alleles caused any effect on the studied traits. This situation results Table 2 . Similarly, effects of the DRB3.2 alleles on yield traits when the CL and SL were combined are in Table 3 . Cows in the SL were culled for yield; therefore, estimates for second and third lactations were potentially biased by culling. Tests of significance were for difference of effect of 0.
The most consistent results across lactations for yield appear to be the association of allele 7 with increased yield and allele 26 with decreased yield. Allele 7 significantly increased protein yield in the SL and approached significance for milk yield ( P < 0.10) during first lactation. For first lactation of the combined lines, allele 7 was associated with a significant increase in protein yield. Results of analysis of the combined lines for second lactation support these findings because allele 7 increased milk and fat yields. However, the frequency of allele 7 fell below the threshold of 2% for third lactation. Allele 26 was consistently significant across analyses for first and second lactations. For first lactation of cows in the SL, allele 26 was associated with decreased milk, fat, and protein yields. In addition, allele 26 was also associated with decreased protein yield for cows in the SL during second lactation.
Allele 24 was associated with increased fat yield during first lactation for the cows in the SL. This increase was not surprising because of the previously mentioned impact of Bell on yield traits, especially protein, and his contribution to the high frequency of allele 24 in the SL. However, allele 24 was not associated with other effects on yield traits across lactations.
Allele 8 was associated with significantly decreased milk and protein yields and approached significance ( P < 0.10) for decreased fat yield for cows in the SL during third lactation. Results from the analysis of combined lines indicated that allele 8 also approached significance ( P < 0.10) for decreased milk and fat yields during third lactation. Conversely, allele 11 was associated with significantly increased milk and protein yields for cows in the SL during third lactation and approached significance ( P < 0.10) for the same traits when the lines were combined. No other studies of the effects of the DRB3 locus have focused on yield traits.
Udder Health
The SCS of cows in the CL averaged 2.72 for first lactation, 3.37 for second lactation, and 3.33 for third lactation; cows in the SL averaged 2.55 for first lactation, 2.78 for second lactation, and 2.89 for third lactation for SCS. Surprisingly, the mean SCS was higher for cows in the CL than in the SL for all lactations; however, the means were not significantly different. The SL was expected to have higher SCS because of the positive genetic correlation of SCS and yield traits ( 3 ) . TABLE 4 . Effects 1 of alleles at the DRB3.2 locus on somatic cell score (SCS), chronically elevated SCS, acutely elevated SCS, and mastitis incidence for the selection line. 1 Tests of significance were for difference of effect of 0. † P < 0.10. *P < 0.05. **P < 0.01. Chronically elevated SCS, acutely elevated SCS, and mastitis incidence afflicted 10, 20, and 25%, respectively, of cows in the CL during first lactation; 19, 31, and 35% during second lactation; and 36, 36, and 29% during third lactation. For cows in the SL, chronically elevated SCS, acutely elevated SCS, and mastitis incidence represented 10, 26, and 32%, respectively, of cows during first lactation; 20, 36, and 31% during second lactation; and 30, 42, and 33% during third lactation. Means tended to increase from first to second lactations and second to third lactations, suggesting that udder health problems increased with lactation.
Effects of the DRB3.2 alleles on udder health traits for cows in the SL are in Table 4 . Similarly, effects of the DRB3.2 alleles on udder health traits for the combined lines are in Table 5 . Allele 3 was associated with significantly decreased SCS for cows in the SL during first lactation and approached significance ( P < 0.10) for decreased SCS and acutely elevated SCS during first lactation for the combined lines. Allele 22 was associated with a significant increase of chronically elevated SCS during first lactation of cows when the two lines were combined.
Allele 24 was associated with a significant increase in mastitis incidence during first lactation for the combined lines. For third lactation, allele 24 also significantly increased acutely elevated SCS for cows in the SL and approached significance ( P < 0.10) for increasing acutely elevated SCS for the combined lines. Kelm et al. ( 1 2 ) reported a significant association between allele 24 and IMI with major pathogens during first lactations. According to Lewin (14) , allele A11 of BoLA class I is in linkage disequilibrium with DRB3 allele 24 in the Holstein population. Weigel et al. ( 2 2 ) found that allele A11 of class I decreased clinical mastitis; however, the present study found that DRB3.2 allele 24 increased udder health problems. Again, the influence of the bull, Bell, on the SL could have had an impact on the present study because Bell and his descendants are also known to transmit higher than average SCS ( 9 ) .
In addition to associations with increases for yield traits, allele 7 also was associated with increased problems with udder health, including increases in chronically and acutely elevated SCS for cows in the SL during second lactation. Results from analysis when the lines were combined indicated that allele 7 was associated with increases of chronically and acutely elevated SCS during second lactation, and the association approached significance ( P < 0.10) for increased mastitis incidence. Allele 8 was associated with a significant decrease in mastitis incidence for cows in the SL during second lactation; however, allele 8 also approached significance for increases of acutely elevated SCS for cows in the SL and in the combined lines during second lactation. Allele 16 was 
CONCLUSIONS
This study did not conclusively identify alleles at the DRB3.2 locus for which selection would result in improved milk yield or improved udder health; however, some consistencies were found when results from this study were compared with those of Dietz et al. ( 5 ) and Kelm et al. (12) . The most consistent results were found for allele 8. Dietz et al. ( 5 ) found that allele 8 was significantly associated with an increase in acutely elevated SCC during first lactation; however, the present study found that allele 8 approached significance ( P < 0.10) for increasing acutely elevated SCS for only second lactation but also significantly decreased mastitis incidence during second lactation. Kelm et al. ( 1 2 ) found increased clinical mastitis for first lactation cows with allele 8.
Dietz et al. ( 5 ) reported that allele 16 was associated with a significant increase in acutely elevated SCC, and Kelm et al. ( 1 2 ) found a positive association between allele 16 and increased SCS; however, the present study found that allele 16 was associated with a significant decrease in chronically and acutely elevated SCS during second lactation for the combined lines. In addition, Dietz et al. ( 5 ) reported that allele 22 decreased SCC among second lactation cows, but the present study found that allele 22 increased chronically elevated SCS during first lactation.
One plausible explanation for conflicting results is that the populations for the two studies had different linkage of DRB3.2 with other BoLA loci or other loci that influence immune response. Another possibility is that different disease pathogens were present in the environments of the herds studied. The same alleles may respond differently to alternative pathogens. Sparse numbers of observations hamper the usefulness of results, especially for second and third lactations. Strong effects of genetics and permanent environment would be expected to be observed across lactations; however, with moderate to low heritabilities for the traits analyzed, the temporary effects, such as environmental pathogens, are expected to have a large influence on results.
This study found that allelic frequencies can change dramatically for genetic lines, possibly because of genetic drift. In addition, allele 7 appeared to be associated with increased yield but had lower frequency in the SL, which is contrary to the expected change for an allele favorable for yield. Allele 7 also increased udder health problems. Allele 24 also was associated with increased udder health problems, and allele 26 was associated with decreased yield. Because of the relatively few cows studied and the potentially large environmental influences, results from this study need to be supported by additional studies before being considered conclusive.
